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Abstract 
There is great potential of using probiotics in aquaculture to increase growth rates and improve the nutritional status of the 
cultured animal.In this study has analyzed the growth rate of abalone fed pudding probiotic Vibrio strain Abn1.2 -Alg3.1-
enriched soybean protein. Vibrio strains Alg3.1RfR-Abn1.2RfR is agarase enzyme producing bacteria.  Growth performanced of 
normal abalone were evaluated and compared with abalone fed pudding probiotic  diet and abalone fed pudding probiotic-
enriched soybean protein. Dinitrosalysilic acid was used to measured in situ  agarase activity and viable cell count was used to 
determine whether the probionts Alg3.1RfR-Abn1.2RfR can colonize the gastrointestinal tract of  abalon.  Abalone fed a diet  
pudding probiotic Vibrio strain Alg3.1RfR-Abn1.2RfR -enriched protein exhibited a increased growth rate compared to abalone 
fed standard diet under laboratory  conditions. The number of culturable cell reisolated from abalone  fed pudding probiotic for 
14 days ranged from 106-107 cfu/g material. Agarase activity in the abalone digestive tract was higher in abalone fed pudding 
probiotic compared to abalone fed unsupplemented pudding. 
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1. Introduction  
One obstacle faced pembudidaya abalone is a slow growth rate. On abalone farming in Indonesia is given 
in the form of a single feed Gracilaria sp .. Gracilaria has low protein content 3-7%, but rich agar, to 47.34% >1@. 
Acoording >2@ that abalone that consume seaweed as a single feed showed lower growth rate for total deficiency of 
essential nutrients, such as protein and fatty acids. 
Marine herbivores including abalone generally have enzymes that degrade cell wall components in the feed 
in the digestive tract >3@  and has the ability to use agar-agar, alginate, carrageenan as a source of energy >4@. In 
addition, the abalone digestive tract also found polisakarase exogenous enzymes donated by enteric bacteria. Group 
of enteric bacteria play an important role for the provision of nutrition abalone with complex hydrolyze 
polysaccharides into simple molecules that can be absorbed by the abalone. As many as 70-90% of bacterial activity 
polisakarolitik polisakarase produce extracellular enzymes that are secreted into the digestive tract of abalone >4@. 
Catabolism of monosaccharides by enteric bacteria produce large amounts of acetic acid and a format that can be 
used as an energy source or a precursor of the synthesis of amino acids by abalone >5,6@. 
Research on the use of bacteria as probiotics agarolitik shows that bacteria agarolitik only slightly enhances 
growth of abalone H. asinina >7@, despite the presence of the probiotic bacteria significantly increased the 
digestibility of gelatin and the availability of energy (gross energy) for abalone >8@. Therefore it is important to add 
protein and fatty acid in the probiotic pudding. 
2. Materials and Methods 
 
2.1. Preparation of  Bacterial Culture.  
Bacterial isolates used are rifampicin resistant mutant strains Alg3.1RfR and Abn1.2RfR in the form of 
mixed cultures. Bacterial isolates were grown on basal salt medium B (medium B plus called, contains: NaNO3, 2; 
K2HPO4, 0.5; MgSO4.7H2O, 0.2; CaCl2.2H2O, 0.02; MnSO4.H2O, 0.02; FeSO4.7H2O, 0.02; yeast ekstrak, 0.5; 
peptone 0.2;  agarose, 2) and incubated at 29°C while shaken 120 rounds per minute. Furthermore, the final 
concentration was adjusted to108 cfu/ml. 
 
2.2 Feed  Preparing.  
The feed is made in the form of pudding  and added fish flour, fish oil and soy flour. Seaweed is derived 
from the production of  Marine Aquaculture Center of Lombok. As for feed preparation procedure followed the 
procedure >2@ with modifications in the form of Gracilaria by 50% (w /v) and mixed with agar (2.5% w/v: 2% agar 
swallow and 0.5% bactoagar Merck). The mixture is sterilized by autoclave 121oC for 15minutes. After a rather 
cold, some of the feed is added: (A)  probiotics Alg3.1RfR-Abn1.2RfR with concentration 108cfu/ml, (B) given 
probiotics Alg3.1RfR-Abn1.2RfR and fish meal (15% w/v), soy powder (15% w/v), fish oil (5% v/v), and (C) are not 
given probiotics or protein and fish oil. 
 
2.3. Animal test preparation.  
Abalone used in this study came from the production of abalone hatchery and Mariculture Center Lombok. 
The animal preparation procedure as follows: abalone maintained at 26-28 ° C in polyethylene tanks containing 98 L 
seawater filtered and aerated continuously. Abalone acclimatized for 2 weeks before being used for research, during 
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this process only abalone fed Gracilaria pudding. 
 
 
2.4. Abalone Growth Test.  
This experiment followed the procedure used by >2@ that modified. Prior to the experiment performed all 
equipment disinfected with a solution of 50-100 ppm chlorine. Furthermore, as many as 12 10-liter aquarium used 
as a container maintenance and seawater flowed at a constant rate of 400 ml / min. Twelfth aquarium is divided into 
4 treatment is:  K1 treatment = fed Gracilaria fresh only, (called Normal); K2 treatment = given Gracilaria pudding 
containing 5% probiotic Alg3.1RfR- Abn1.2RfR the concentration of 108 cfu/ml (referred standarPro); K3 treatment 
= given Gracilaria pudding containing 5% probiotic Alg3.1RfR - Abn1.2RfR and fish meal (15% w/v), soybean 
meal (15% w/v), fish oil (5% v/v) (called standarPro-plus); and K4 treatment = given Gracilaria pudding containing 
no probiotics and protein sources (called Standard). Each treatment consisted of 3 aquarium containing 10 abalone 
approximately 25-36 mm shell lenght.  
To maintain water quality, aquarium cleaned once every 2 days with menyiphon unconsumed feed and 
faecal abalone with tool surface sterilized with 70% ethanol. Abalone were fed as much as 30% of body weight 
every 2 days. Probiotic treatment is done once every 2 days during the first 14 days of maintenance and further 
provided each week. Abalone feces and residual feed were weighed, the length being measured and the weight of 
abalone shells were weighed after 2 months of maintenance. 
 
2.5. In situ  agarase activity 
2.5.1. Maintenance and gastrointestinal surgery. 
Experimental design used in this activity similar to that applied to the growth of the test, which consists of 
4 treatments and 3 replications (normal =K1, K2=standarPro, K3=standarPro-plus, and K4=standard) and abalone 
maintained for 14 days. Furthermore, as many as 4 tails abalone dissected for each tub, the digestive tract is taken, 
weighed and homogenized in buffer 0.2M citric acid/0.2M phosphate, pH 5.4 at a volume of 2 ml/g tissue. Then the 
sample was centrifuged at 6000 rpm for 15 minutes to remove food debris and cellular debris, and the supernatant 
sample was dialyzed for 48 hours using a solvent buffer 0.2M citric acid/0.2M phosphate, pH 5.4 at 4°C with 2 
times there placement buffer. 
 
2.5.2. Determination of agarase activity. 
The supernatant containing the crude extract enzyme agarase activity was tested using the DNS method >9@ 
as follows: as much as 5ml (0.2%, w/v) agarose in 20 mM sodium phosphate (pH 7.5) was heated at 100°C for 2 
min and then cooled at a temperature of 30oC. The reaction carried out by mixing 0.5ml of the specimen with 0.5ml 
enzyme substrate for 30 minutes at a temperature of 29oC. Then added 1.0ml of DNS and heated in boiling  water in 
a water-bath for 10-15minutes, then cooled in cold water for 10minutes. Strength reduction agarase monitored with 
a spectrophotometer at a wave length of 540nm. One unit of agarase activity was defined as the amount of enzyme 
that produces 1mol galactose per second at 29°C under the conditions described above >10@. 
 
2.6. Enumeration of total bacteria and probiotics.  
The total number of  bacteria and probiotic bacteria in the aquarium and  in the digestive tract of  abalone is 
calculated using the spread plate method (TPC) were grown on media Marine Agar (Difco), and for  probiotics 
bacterial count used MA is added antibiotics rifampin100Pg/ml. 
 
2.7. Data analysis 
Variable growth of juvenile abalone observed included a weighted  average initial and final (g), and feed 
intake (g). Based on these data calculated biomass growth (g), the relative growth (%),feed efficiency (%) and feed 
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conversion. 
 
3. Results and Discussion 
3.1. Abalone growth 
Abalone growth parameters treated with mix culture probiotic Abn1.2RfR-Alg3.1RfR for 60 days 
maintenance includes biomass growth (g), relative growth (%), feed efficiency (%) and feed conversionare 
presented in Tables 1 and 2. 
 
Table 1:Relative growth and biomass growth of abalone for 60 days of maintenance 
Treatment  Relative Growth (%) Biomass Growth (g) 
Normal 20.01±0.15 10.12±0.94 
standarPro-plus 25.88±0.612 16.31±0.859 
standarPro  21.32±1.61 11.82±0.76 
Standar  20.42±1.67 10.64±0.65 
Normal= fresh Gracilaria; standarPro= Gracilaria pudding +probiotics;  standarPro-plus= Gracilaria pudding 
+probiotik+ fish meal, soybean meal, fish oil; standard= Gracilaria pudding.  Data are presented as the average of 3 
replicates (± SE) 
 
The increased biomass growth of abalon that giving probiotic bacteria was 11%, while the biomass growth 
of abalone fed pudding probiotics plus protein and fatty acids has increased more than 50% compared to abalone fed 
feed standard. There is no  difference between abalone fed Gracilaria pudding with fed fresh Gracilaria. 
 The effect of probiotics on growth of abalone is a direct result of the improved value of feed efficiency and 
feed conversion (Table 2). Abalone and abalone fed probiotics are getting probiotics plus protein and fatty acids 
showed feed efficiency 35% and 5% better than the abalone without probiotics. 
 
Table2 Average of feed efficiency and feed conversion during the 60-day maintenance of abalone 
 Treatment  Feed Efficiency (%) Feed conversion 
Normal 4.58±0.72 23.76±1.01 
StandarPro-plus 13.04±0.45 16.11±0.95 
StandarPro 4.69±0.39 21.62±1.68 
Standar  4.56±0.17 22.02±0.85 
Normal= fresh Gracilaria; standarPro= Gracilaria pudding +probiotics; standarPro-plus= Gracilaria pudding 
+probiotik+ fish meal, soybean meal, fish oil; standard= Gracilaria pudding. Data are presented as the average of 3 
replicates (± SE) 
 
Similarly, feed conversion of probiotic-supplemented abalone plus protein and fatty acids better than 
standard abalone. The data showed that the probiotics in the gastrointestinal tract contribute to improving the ability 
of abalone convert nutrients into meat. 
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3.2. In Situ Agarase Activity  
To determine whether probiotic-Abn1.2RfR Alg3.1RfR contributed to the 'pool' of digestive enzymes in the 
digestive system of abalone, the agarase activity testing in situ (Figure 1). 
 
Figure 1 agarase activity in the gastrointestinal tract of abalone were consumed pudding Gracilaria standards and 
supplemented probiotics. Normal= fresh Gracilaria; standarPro= Gracilaria pudding +probiotics; standarPro-plus= 
Gracilaria pudding +probiotik+ fish meal, soybean meal, fish oil; standard= Gracilaria pudding. Data are presented 
as the average of  3 replicates (± SE) 
 
Alg3.1RfR-Abn1.2RfR supplementation on abalone affect agarase activity in the gastrointestinal tract of 
abalone (Figure 1). Agarase enzyme activity in abalone StandarPro and StandarPro-plus consecutive higher 30.2% 
and 32.3% compared to standard abalone.  
Abalone are consuming probiotic-supplemented Gracilaria pudding can increase the activity of agarase 
enzyme in the gastrointestinal tract when compared to controls, and this suggests that the strain Abn1.2RfR-
Alg3.1RfR contribute to the availability of 'pool' polysaccharolytic enzymes in the digestive tract to digest complex 
polysaccharides are eaten abalone . 
3.3. Number of Total Bacteria and Probiotics 
Therefore agarase enzyme activity in the digestive tract of abalone is affected by the levels of exogenous 
agarase enzyme produced by microbes then measured the total number of bacteria and the number of good probiotic 
bacteria in the gastrointestinal tract as well as the maintenance of water abalone. The results of the calculation of 
microbial populations in water and digestive tract are presented in Table 3. 
 
Table 3:The number oftotalbacteriaandagarolyticbacteriain the digestive tractabaloneandwaterin aquarium 
at14-day maintenance 
  Water aquarium (cfu/ml) Gastrointestinal tract (cfu/g) 
  Total bacteria agarolyticbacteria Total bacteria agarolyticbacteria 
Normal  3,78 x 105 1,13 x 102 2,50 x 107 3,70 x 103 
standarPro  2,10 x  105 4,30 x 105 6,10 x 107 3,30 x 107 
StandarPro-plus  1,37 x 106 4,91 x 105 5,59 x 107 3,77 x 107 
Standar   2,57 x 105 1,56 x 102 7,90 x 106 1,20 x 103 
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
normal  standarPro standarPro-plus standar 
 e
nz
ym
e 
ac
tiv
ity
 (n
ka
t/
m
l) 
320   Faturrahman et al. /  Procedia Environmental Sciences  23 ( 2015 )  315 – 322 
Normal= fresh Gracilaria; standarPro= Gracilaria pudding +probiotics; standarPro-plus= Gracilaria pudding 
+probiotik+ fish meal, soybean meal, fish oil; standard= Gracilaria pudding 
 
 The total number of bacteria and probiotic bacteria (agarolytic) in the gastrointestinal tract is higher than 
bacteria in water conservancy. This proves that mixed cultures Alg3.1RfR-Abn1.2RfR capable well colonizes in the 
gastrointestinal tract of abalone and helps host by breaking complex agar into simpler molecules such as 
agarooligosaccharides and galactose. Data in table 3 also show that there is a natural agarolytic bacteria in the 
digestive tract abalone, and suspected help host in breaking agar in the seaweed cell wall. 
 
4. Discussion 
Probiotic supplementation can improve biomass growth and relative growth of abalone were tested. Growth 
of  laboratory-based experiments indicate that the addition of the mixture probiotic,Alg3.1RfR-Abn1.2RfR, can 
improve abalone growth rate compared with controls,  which only consume feed abalone standard.  
The effect of agarolytic bacteria on the growth of abalone is not too large despite the presence of these 
bacteria in the digestive tract of abalone is quite high, which is about 107cfu/g. This is because the giving agarolytic 
bacteria Alg3.1RfR-Abn1.2RfR only slightly improve the efficiency and feed conversion. This  means that the 
presence of agarolytic bacteria not been able to sustain the availability of essential nutrients needed to increase the 
growth rate of abalone higher, so that the provision of essential nutrients such as protein in feed is still needed. 
Probiotics Alg3.1RfR-Abn1.2RfR only able to improve abalone growth 11% and feed efficiency 3% when 
compared with the standard feed abalone were consumed. The addition of  probiotics, along with proteins and fatty 
acids can increase the growth of abalone by more than 50%. This means the addition of products of degradation of 
agar by agarolytic bacteria in the digestive tract more used to provide energy for abalone and proteins can be fully 
assimilated into abalone biomass. However, abalone require essential amino acids for growth that can only be met 
from the protein-rich feed. According  >11@ that the rate of consumption of undigested protein significantly affect the 
growth rate of abalone, and this means that nitrogen is the limiting nutrient for the growth of abalone. 
Unlike the majority of fish met its energy needs from protein, the  metabolic energy requirements of 
abalone mainly derived  from  carbohydrates  >12@ and abalone can be met by consuming natural feed containing as 
much as 30-60% carbohydrate >13@. The presence of  agarolytic bacteria increase the available energy for growth of 
abalone through agar degradation more  efficiently. High levels of carbohydrates in the diet can increase the growth 
of abalone >14@ with the presence of enzymes that degrade complex carbohydrates >15@ and a good capacity to 
synthesize non-essential fatty acids from carbohydrates >5, 16@. 
The increase in the growth rate of abalone may occur through several mechanisms: (1) increase the 
availability of nutrients in the digestive tract so that it can be easily absorbed by the abalone, (2) an increase in'pool' 
digestive enzymes in the digestive tract, and (3) the use of nutritional supplements as a source of additional bacteria 
>17, 18@.  
An increase in growth due to agarolytic bacterial inoculation abalone test a response in feed utilization feed 
carbohydrates as an energy source, it is possible to show what is called the protein sparing action for growth. 
Proteins used for the growth and repair  of damaged cells, not as a source of energy. Although carbohydrate is not a 
superior energy source for fish exceeds the protein and fats, carbohydrates are digested from the feed can exhibit 
what is called the protein sparing action for growth. Even >19@ states that if carbohydrates are not available in 
sufficient quantities in the diet, the abalone will  divert some of the building blocks such as amino acids and 
unsaturated fatty acids to be burned into energy. Saving the protein  through the addition of proper amounts of 
carbohydrates called protein sparing. 
 A number of studies on enzymes in the hepatopancreas of abalone showed that the abalone itself  capable 
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of producing the enzyme cellulase, alginate lyase, karagenase, agarase, and laminarinase  >3,4,20@. Research 
conducted at H. midae by >2, 21@ showed that probiotic supplementation may increase the activity of alginate lyase 
enzyme, amylase and protease in the digestive tract of abalone.  
Increased activity of digestive enzymes in the digestive tract may improve the nutritional status of abalone 
through improved efficiency of digestion and thereby increase the rate of growth of abalone. Abalone were 
consumed pudding supplemented Gracilaria Alg3.1-RfR - Abn1.2-RfR for 14 days showed increased maintenance 
agarase enzyme activity and amylase in the gastrointestinal tract when compared to controls, and this suggests that 
the strain Alg3.1-RfR - Abn1.2 -RfR contribute to the availability of 'pool' polysaccharolytic enzymes in the digestive 
tract to digest complex polysaccharides are eaten abalone.   
The presence of bacteria in the digestive tract of aquatic animals provide some benefit to the host, including 
increasing the immunity of the host Villamil et al.>22@, infection control and physical fitness  >23,24@, and increase 
the rate of survival, growth and digestive enzyme activity >25,26,27@. 
 
5. Conclusion  
 
The introduction of probiotic bacteria isolates contribute to the provision of exogenous digestive enzymes 
specifically agarase enzyme in the digestive tract of abalone. Probiotic treatment is accompanied by the addition of 
protein and fatty acids can increase the growth rate of abalone better. 
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